Min-Bias Models
he Modeling of ND, SD, DD
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Disclaimer

® Not giving this talk to explain diffraction
models, but to give input from modeling
community

[ °
® Focus on important outstanding
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Monte Carlos and Precision

¢ A Good Physics Model gives you

e Reliable calibrations for both signal and
background (e.g., jet energy scales)

® Reliable corrections (e, track finding efficiencies)
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Count what is Countable

Measure what is Measurable

(and keep working on the beam) ¢
Amplitudes Hits
Monte Carlo . 0100110
Resummation Theory = Feedbackloop  Experiment GEANT
Strings B-Field

Measurements corrected to
Hadron Level

Theory worked out to
Hadron Level

with acceptance cuts
(~ detector-independent)

with acceptance cuts
(~ model-independent)

Unfolding beyond hadron level
dilutes precision of raw data
(Worst case: data unfolded to ill-
defined ‘MC Truth’ or ‘parton level’)

If not worked out to hadron
level: data must be unfolded with
someone else’s hadron-level theory



Constraining Models

® A wealth of data available at lower
energies

\ O §HI-F ® Used for constraining (‘tuning’)
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Constraining Models

e .
Q;\O ® A wealth of data available at lower
)\ energies
sz LEP
\9.._RHIC >LD ® Used for constraining (‘tuning’)
SPS ‘evatron theoretical models (E.g., Monte

Carlo Event Generators)

® The low-energy LHC runs give us a unique chance to fill
in gaps in our knowledge at lower energies

® Which model would you trust more? One that also

describes SPS, RHIC, Tevatron, Low-Energy LHC? Or one
that doesn’t?




Constraining Models

e .
Q;\O ® A wealth of data available at lower
)\ energies
sz LEP
\9.._RHIC >LD ® Used for constraining (‘tuning’)
SPS ‘evatron theoretical models (E.g., Monte

Carlo Event Generators)

® The low-energy LHC runs give us a unique chance to fill
in gaps in our knowledge at lower energies

® Which model would you trust more? One that also

describes SPS, RHIC, Tevatron, Low-Energy LHC? Or one
that doesn’t?

But wait ... which gaps!?



Charged Multiplicity

® One of the most fundamental
quantities to measure

X But fundamental does not |mply easy
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Charged Multiplicity

® One of the most fundamental
quantities to measure

® But fundamental does not imply easy
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Dissecting Minimum-Bias

Physics requirements: basics

Hadronisation and decay

| state radiation

The MC description
of LHC events is
tremendously
complex

Hard interaction:
»qqbar, qg, gg

PDF, proton structure

Initial state radiation
Beam remnants

Secondary interactions
Hadronisation and decay

This is a schematization to be able to cut down the problem in pieces and
model them in a different way. The “pieces” are correlated !

7th MCNet Workshop 14/1/2010

(slide from F. Cossutti (CMS), 7th MCnet Annual Meeting, January 2010)
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Dissecting Minimum-Bias

Double
Diffraction

Inelastic,
Non-Diffractive

m/ " Multiple Parton

. Interactions (MPI) = * 4
Low Beam \ VR High

Multiplicity ,,  ENGEASRIN o < B « Multiplicity

Elastic




Measured Results

® How to Compare to Older Measurements!?

® Bubble chambers etc extrapolated to full phase space

® More model-dependent at Tevatron and LHC experiments




Measured Results

® How to Compare to Older Measurements!?

® Bubble chambers etc extrapolated to full phase space
® More model-dependent at Tevatron and LHC experiments

® How to Compare to Theory!?
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Issues at Low Multiplicity
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Low Multiplicities:
Correcting for Diffraction

® Diffractive processes

cf. Beate’s talk
® |arge part of total cross section

® Populate the low-multiplicity bins: lower <N>
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Low Multiplicities:
Correcting for Diffraction

O C D F RU n_l D ata 0 1800 GeV p+pbar Inelastic, Non-Diffractive

Charged Particle Multiplicity (Inl<1.0, p,>0.4GeV)
® CDF data
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® Corrected to
p1>0.4 GeV instead
of full PS: less model
dependence

® First few bins
corrected for

d iffraCtion (a|SO affeCtS Data from CDF Collaboration, PRD65(2002)072005
average Nch and dN/deta) 6 8 10

N, (Inl<1.0, p,>0.4GeV)




Low Multiplicities:
Correcting for Diffraction

O CDF Run_ I I D ata 0 1960 GeV p+pbar Inelastic, Non-Diffractive

Charged Particle Multiplicity (Inl<1.0, p,>0.4GeV)
® CDF data
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® Corrected to
p1>0.4 GeV instead
of full PS: less model
dependence

® First few bins
corrected for

diffraction (also affects
average Nch and dN/deta) 10

N, (Inl<1.0, p,>0.4GeV)




Low Multiplicities:
Correcting for Diffraction

630 GeV p+pbar Inelastic, Non-Diffractive

® CDF Run-l Data

Charged Particle Multiplicity (Inl<1.0, p,>0.4GeV)
® CDF data

(Non),
o

o
N

>
=
o
©
o
o
S
o

® Corrected to
p1>0.4 GeV instead
of full PS: less model
dependence

® First few bins
corrected for

diffraction (also affects
average Nch and dN/deta) 6 8 10

N, (Inl<1.0, p,>0.4GeV)




Low Multiplicities:
Correcting for Diffraction

O C D F RU n_l D ata 0 630 GeV p+pbar Inelastic, Non-Diffractive

Charged Particle Multiplicity (Inl<1.0, p,>0.4GeV)
® CDF data

(Nerd
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® Corrected to
p1>0.4 GeV instead
of full PS: less model
dependence

® First few bins

LHC Measurements at 900 and 2360 GeV, with a
well-defined, agreed-upon, definition of diffraction
can kill this issue



The Zero Bin

® The most problematic is the
zero bin: the event was
triggered, but no fiducial tracks

1960 GeV p+pbar Inelastic, Non-Diffractive

N
(63

Charged Particle Multiplicity (Inl<1.0, p,>0.4GeV)
¥ CDF data

o
(V)
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® F[.g was it a diffractive event with
no tracks, or an inelastic non-
diffractive event, with no tracks?

Or..?

DafaFrom | @RF-A0D PREbliCSP0E

6 10
N, (Inl<1.0, p,>0.4GeV)




The Zero Bin

® The most problematic is the
zero bin: the event was
triggered, but no fiducial tracks

® [ g was it a diffractive event with
no tracks, or an inelastic non-

diffractive event, with no tracks?
Or..?

Predictions for Mean Densities of Charged Tracks

<NCh> |NCth
AnA¢

0.41 +£0.05

0.45 £+ 0.06

<NCh> ’Nchz3
AnA¢

0.46 £ 0.06

0.51 £ 0.06

<NCh> ’NChZQ
AnAg¢

0.43 £ 0.05

0.47 £+ 0.06

<NCh> ‘Nch >0
AnA¢

0.40 = 0.05
0.44 £ 0.05

LHC 10 TeV
LHC 14 TeV

PS, Perugia Proceedings, arXiv:0905.3418 [hep-ph]

1960 GeV p+pbar

Charged Particle Multiplicity (Inl<1.0, p,>0.4GeV)
® CDF data

Inelastic, Non-Diffractive

N
(63

Probability(N L
o '
N



Ways Out

A) Trust the theorists. Correct to specific set of
fundamental processes = NSD, INEL, ...
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Ways Out

A) Trust the theorists. Correct to specific set of
fundamental processes = NSD, INEL, ...

“Tragitiona!” strategy. e

Employed by most previous experiments.

s Sk s Also used ir the first two LHC papers
Al JCE Collaboration, Eur. Phys. J C65 (201 ))
CMS Collaboration, JHEP 02 (2010) 041




Ways Out

A) Trust the theorists. Correct to specific set of
fundamental processes = NSD, INEL, ...

“Traditional” strategy.
Employed by most previous experiments.

Also used in the first two LHC papers
ALICE Collaboration, Eur. Phys. |. C65 (2010) I I |

CMS Collaboration, JHEP 02 (2010) 041

However, it lacks a clear definition at the particle level



Ways Out

A) Trust the theorists. Correct to specific set of
fundamental processes = NSD, INEL, ...

Dol taialicy ke in a1 P(I,2) PicTgsdigs P(I,4) P(I.5)
1 p+ 0.38955 -0.09031  -444.18188 Citd—18305——mmmepm3637— €ta gap
2 p+ 0.55491 -0.32947  118.14484 = 118.15033 IR Py M e S L
3 pi+ -0.10520 0.04623 21.97324 21.97398 ©.13957 -
A i -0.36420 0.20220 79.60000 79.60121 0.13957
5 pi+ 0.18465 -0.31136 44.33333 44 .33503 0.13957

s e i S e 0653 AT 0.35445  10.76828  10.79481  0.13957 |
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Ways Out

A) Trust the theorists. Correct to specific set of
fundamental processes = NSD, INEL, ...

I particle/jet P(I,1) P(I,?2) P(I,3) P(I,4) P(I,5)

1 p+ ©.38955 -0.09031  -444.18188 Citd—18305——mmmepm3637— €ta gap

2 pt ©.55491 -0.32947 118.14484 118.15033 ©.93827 N |3 6 units
RSN okiah -0.10520 0.04623 21.97324 21.97398 ©.13957 i

4 pi- -0.36420 0.20220 79.60000 79.60121 ©.13957

5 pi+ ©.18465 -@.31136 44 .33333 44 .33503 ©.13957

6 pi- -G) 65347 35445 1@ 76828 10.79481 ©.13957
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Ways Out

A) Trust the theorists. Correct to specific set of
fundamental processes = NSD, INEL, ...

I particle/jet P(I,1) P(I,2) ACISTE R P(I 4) P(I,5)

1 p+ ©.38955 -0.09031  -444.18188 B3 Emmannt=538557—— @ta gap
2 pt ©.55491 -0.32947 118.14484 118.15@33 0.93827 = 13.6 units
3 pi+t -0.10520 0.04623 21.97324 21.97398 ©.13957 :

4 pi- -0.36420 0.20220 79.60000 79.60121 0.13957

5 pi+ ©.18465 -0.31136 44.33333 44 .33503 0.13957

6 pi- -0.65347 0 35445 76828 10. 79481 0.13957

7 i s .y T2 0.13957

MM C “Truth Double Diffractivelii
1O D= U.20540 -0.36795 2.98245 33402181 0.13957
11 K+ 0.01880 0.15742 2.95334 2.99849 0.49360
12 = b= 0.07232 0.23225 6.16625 6.17263 0.13957
13 pi+ -0.37412 0.04117 0.63340 ©.79257 0.13957
14 pi- 7

s pi+ Minimal Conclusion: gap definition

16 pi-
17 pi-

s pi- not foolproof if we see charged only -

sum(p). ma

V.
7
7
7



o

I particle/jet P(I,1) P(I,2) P(I,3) P(I,4) P(I,5)
1 p+ 0.18101 -0.23124 427 .60408 427.60521 ©.93827
2 pt -0.06244 -0.10079 -231.29111 231.29304 ©0.93827
3 K+ 0.33646 0.1887/8 -33.91055 33.91634 0.49360
4 nbar0@ 0.54816 -0.06834 -1.20905 1.62781 ©.93957
5 pi0 -0.37380 0.02504 0.35486 ©0.53338 ©.13498
6 n0 -0.08115 -0.02823 -0.53314 1.08370 ©.93957
/e Pl -0.23393 0.11296 -5.76403 5.77157 ©.13957
8 K- -0.00627 -0.15812 -44.71705 44 .72006 0.49360
9 K+ -0.03848 -0.01139 -64.08264 64.08456 0.49360
10 pi- -0.02479 0.08067 -2.09126 2.09761 ©.13957
SISOt -0.41465 -0.13479 -8.29972 8.31234 ©.13957
12 pi® -0.50854 0.11826 -18.60847 18.61629 0.13498
13 pi- -0.04847 0.20076 -3.15301 3.16285 0.13957
14 pio 0.76201 -0.09810 -3.33633 3.42631 0.13498
15 K- -0.08212 0.24522 0.71152 0.90376 0.49360
116 St 0.09763 -0.21837 0.15468 0.31721 0.13957
SN o) 5 -0.14039 0.17750 0.46433 0.53507 0.13957
18 pio Q232979 -0.41112 2.88185 2.92345 0.13498
RO D A Sl L1716 716 S S S0P 2 ii5ig 6.10565 6.10994  0.13957
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I particle/jet P(I,1) P(I,2) P(I,3) P(I,4) P(I,5)
1 p+ 0.18101 -0.23124  427.60408  427.60521 0.93827
2 p+ -0.06244 -0.10079  -231.29111  231.29304 0.93827
3 K+ 0.33646 0.18878 -33.91055 33.91634 0.49360
4 nbar0 0.54816 -0.06834 -1.20905 1.62781 0.93957
5 pi0 -0.37380 0.02504 0.35486 0.53338 0.13498
6 no -0.08115 -0.02823 -0.53314 1.08370 0.93957
7 pi- -0.23393 0.11296 -5.76403 5.77157 0.13957
8 K- -0.00627 -0.15812 -44.71705 44.72006 0.49360
9 K+ -0.03848 -0.01139 -64.08264 64.08456 0.49360

10 pi- -0.02479 0.08067 -2.09126 2.09761 0.13957

11 pi+ -0.41465 -0.13479 -8.29972 8.31234 0.13957

12 pio -0.50854 0.11826 -18.60847 18.61629 0.13498

2 -0.04847 0.20076 -3.15301 3.16285 0.13957

14 pie 0.76201 -0.09810 -3.33633 3.42631 0.13498

15 K- 0.49360

16 pi+ 0.13957

T (o 0.13957

18 pio 0.23292 S EEY, 2.88185 2.92345 0.13498

19 pi+ -0.17876 -0.03157 6.10565 6.10994 0.13957

20 p1— iiaanodoz o) 10.07151 B B30T D 367000 9.13957
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I particle/jet P(I,1) P(I,2) P(I,3) P(I,4) P(I,5)
1 p+t 0.18101 -0. 23124 427 . 6@408 427 . 6@521 0. 93827

Moral:VWhat some theorist/model defines as
SD, DD, etc, is not itself a physical observable!

Tails of one are indistinguishable from the other
(even with a perfect detector with full PID)

If no physical measurement can tell the difference,
it does not make sense to correct back to

And this is even assuming we had the perfect model on which everyone agrees ...

33 pi1t W.29551 Sal)eadad ol v.u9u/4 Ll 0431 AR W
sum momentum 0.00000 0.00000 0.00000 900.00000 900.00000



Ways Out

A) Trust the theorists. Correct to specific set of
fundamental processes = NSD, INEL, ...

—— inel. pythia
80 inel. phojet

—— ND pythia
70 ND phojet

— SD pythia
60 ---- SD pythia exp

—— DD pythia -
50 o ¢
DD phojet

40

Apples to appls?

30
20
10

0
10°

Plot graciously donated by B. Heinemann




Ways Out

A) Trust the theorists. Correct to specific set of
fundamental processes = NSD, INEL, ...

—— inel. pythia

inel. phojet Pythia 8.130 ———

—— ND pythia .
ND phojet S D PF;)/tha ’[6141 g
— SD pythia ojet 1.

---- 8D pythi
pythia exp Plot from S. Navin /T sjostrand / R. Corke

—— DD pythia
DD phojet

Apples to appls?

Large differences
between models Y

Plot graciously donated by B. Heinemann




Ways Out

A) Trust the theorists. Correct to specific set of
fundamental processes = NSD, INEL, ...

o E.g.,“NSD” Iis not a physica

terms of hadron-level cuts only




Ways Out

A) Trust the theorists. Correct to specific set of
fundamental processes = NSD, INEL, ...

B) Report a measurement with a given set of
~ hadron-level cuts % MB
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Employed in the third LHC paper (?)
ATLAS Collaboration, preliminary

(see talk this morning)



Ways Out

B) Report a measurement with a given set of
hadron-level cuts = MB

MB RAW MB

(w. acc. cuts) (011010, B-field ON,...)

Smallest Possible

Model Dependence




Ways Out

B) Report a measurement with a given set of

hadron-level cuts = MB

MB

(w. acc. cuts)

RAW MB

(011010, B-field ON, ...)

—>

GEN HAD
(ISUB = .. )
" NN mb, Species,
ND Spectra
' NN mb, Species, |_
SD Spectra
DD ' NN mb, Species,

Spectra

e
........

Smallest Possible

Model Dependence




Ways Out

B) Report a measurement with a given set of
hadron-level cuts = MB

Drawbacks? MB RAW MB
° “MB” |S nOt “ZB” (w. acc. cuts) (011010, B-field ON,...)
* “MB” is acc/trig-dependent st Pasche
- mixture of SD,DD,ND s Do e
- +How to compare with

other measurements or Irack reconstruction efficiency as fct of p|, eta

' 1 L [
ed to | heta 1u

“GEN"-level theory cross | correct
sections (e.g., sigmaDiff)?



Ways Out

B) Report a measurement with a given set of
hadron-level cuts =» MB

Drawbacks?

e MB was never ZB (clear & simple event selection criteria = good enough)

* Mixture of SD, DD, ND in given region = modeling aspect

* The most you can do is optimize selection to enhance, e.g.,""ND”

* HAD-level observables and event-sample definitions give us
not a ready-made solution but:

e A well-defined measurement and reference for posterity ...
e With the smallest possible uncertainties ...

* A base for comparisons to other definitions (other exps / TH defs)



Ways Out

C)More information? Partition MB sample into
various “enriched” samples?




Ways Out

C)More information? Partition MB sample into
various “enriched” samples?

/

Systematically
introduce “biases” * MB \j

* SD-Enriched HAD-level sample (cannot be 100% Use models to estimate best purity)
More sensitive to SD cross section. Report observed cross section,

then translate to SD-GEN-level cross section using best models of the day.
(Don’t just tell us the latter.)

= ND-Enriched HAD-level sample (can be amost 100%)



Ways Out

C)More information? Partition MB sample into
various “enriched” samples?

Systematically * M B i

introduce “biases’’

* SD-Enriched HAD-level sample (cannot be 100% Use models to estimate best purity)
More sensitive to SD cross section. Report observed cross section,

then translate to SD-GEN-level cross section using best models of the day.
(Don’t just tell us the latter.)

= ND-Enriched HAD-level sample (can be amost 100%)



Modeling Diffraction

® PYTHIA 6
e POMPYT, POMWIG
¢ PHOJ ET (& Relatives)




PH OJ ET (& Relatives)

(1) Cut Pomeron (1982) Slide fromT. Sjostrand
e Pomeron predates QCD; nowadays ~ glueball tower
e Optical theorem relates oqt5] and ogjastic

2

e Unified framework of nondiffractive and diffractive interactions
e Purely low-p | : only primordial k| fluctuations
e Usually simple Gaussian matter distribution

(2) Extension to large p | (1990)
e distinguish soft and hard Pomerons (cf. lvan):
soft = nonperturbative, low-p |, as above
hard = perturbative, “high”-p |
e hard based on PYTHIA code, with lower cutoff in p |

Status: PHOJET web site back up as of Sunday (?)



PYTHIA 6

Diffractive Cross Section Formulz: Pythia 8.130 ——

dogaax)(s) g 1 Pythia 6.414
dt(d]\4)2 - 12—7r 5/2419 BB Ve eXp(Bsd(AX)t> Fsa Phojet 1.12
doga(s) 95 I 1

_Coadls) - Gsp —  exp(But) Fug .
dt AMZ AM? 165 PAw e M2 M2 exp(Baat) Fad

Spectra:

2 mpi< Mp < | GeV: 2-body decay
Mp > | GeV :string fragmentation

Partonic Substructure in Pomeron:

Only in POMPYT addon (P Bruni,A. Edin,
G. Ingelman) = high-pt “jetty” diffraction absent

Very soft spectra without POMPYT

Status: Supported, but not actively developed



PY I H I A 8 S. Navin (MCnet) +T. Sjostrand

Diffractive Cross Section Formulz: Pythia 8.130 ——

dosa(ax)(s) g3 1 Pythia 6.414
e = 16. Sae Bee 35 exp(Baxt) Fa Phojet 1.12

dogq(s) 93P I 1
_ C0adls) - Gsp L ex(Buit) Fir
dt AMZ AM? L6 A s M2 M2 exp(Baat) Fad

I

Partonic Substructure in Pomeron:

D;

‘ LRG
Follows the “

approach of
Pompyt

» My < 10GeV: original longitudinal string description used
» My > 10GeV: new perturbative description used

Status: Supported and actively developed



POMWIG & POMPY'T

® Ad d -ONns t ®) F 7 7 POMPYT: http://www3.tsl.uu.se/thep/MC/pompyt/

POMWIG: B. Cox, J. Forshaw, CPC144(2002)104

DPEMC: M. Boonekamp, T. Kucs CPC167(2005)217
HERWIG and PYTHIA :

; P
to include Pomeron m,@

_.-” pomeron remnant

~o. ]P . Pt
structure e

F(xpt)

e POMWIG with ~

. hard scatter
DPEMC also includes . j§ N
central, e.g., PP>H proton remant

POMWIG Status: Stable, migrating to HERWIG++



http://www3.tsl.uu.se/thep/MC/pompyt/
http://www3.tsl.uu.se/thep/MC/pompyt/

Current Status

® PYTHIA 6
e POMPYT, POMWIG
® PHOJ ET (& Relatives)

e -
B -




Issues at High Multiplicity
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Hard Trigger Events RS
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Righ Multiplicities:
An Unresolved Question

. . T Alexopoulos et al., PLB435(1998)453
UAS at 200, 546, e -

o At Jll phase space
and 900 GeV |

E735 at 300, 546,
1000, and 1800
GeV

Mutually

E735 1800 Gev
E735 100C GeV
E735 546 GeVY
E735 300 GeVY
JAS 900 GeV
JAS 546 GeV
JAS 200 GeV

c
Qo
-
O
QD
7p)
m‘u:n
o\
o
om
o.
Q
>
proer
S
Q
c
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50 100 150 200 750
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Righ Multiplicities:
An Unresolved Question

-ull phase space

. . T Alexopoulos et al., PLB435(1998)453
e UAS at 200, 546, 1 R

and 900 GeV

c
e E/35at 300,546, KN
o U
1000, and 1800 &
e\ 3"
G
® Mutually 2
87 o
QL R Eam
C LTSy
" . C UAS5 900 GeV mﬂ |
Without even knowing how many tracks to tune 'L
to, how could we hope to constrain non-

perturbative models (i.e., Monte Carlos) ?
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An Unresolved Question
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Again: LHC Measurements at 900 and 2360 GeV are L
the only way to settle this question once and for all
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Righ Multiplicities:
An Unresolved Question

I ¥ Alexopoulos et al., PLB435(1998)453

e UADS at 200, 546,
and 900 GeV

e E7/35 at 300, 546,
1000, and 1800

-ull phase space

GeV Important to
) ‘see’ low-pT tracks:
® Mutual |)l the lower, the better

[
\

4 | | .
| Y E7351800Cey Ry to settle this.
® (/351000 GeV .
B E735 545 CeV (eta cuts ~ ok, since UAS

SN A £735 300 Gev o gives data in eta bins)
C UAS 900 GeV

Relative Cross Section

[
{

O UAS 5486 GeV
“OLH A UAS 200 GeV

Again: LHC Measurements at 900 and 2360 GeV are |
the only way to settle this question once and for all



Fragmentation

® Normal MC Tuning Procedure:

® Fragmentation and Flavour parameters constrained
at LEP, then used in pp/ppbar (Jet Universality)
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Fragmentation

® Normal MC Tuning Procedure:

® Fragmentation and Flavour parameters constrained
at LEP, then used in pp/ppbar (Jet Universality)
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The Kaon Problem

1800 GeV p+pbar Inelastic, Non-Diffractive p+pbar Inelastic, Non-Diffractive
K0 Multiplicity (In|<1.0, p,>0.4GeV) ' § AY Multiplicity (|n|<1.0, p,>0.4GeV) |
% CDF data % 1| % CDF data
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% - Pro-Q20 { 023> 10 | ~% - Pro-Q20
--v-- DW(T) | <025 E --v-- DW(T)
. ’ :
10 3
But
i .
N 0 Lambdas
Too many Kaons™ |
. ) | look OK
in MC? |
(even though tuned at LEP) 10
u -5
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5

K0 Multiplicity (In|<1.0, p,>0.4GeV) A” Multiplicity (|n|<1.0, p,>0.4GeV)

http://home.fnal.gov/~skands/leshouches-plots
PS, fermilab-conf-07-706-t, in arXiv:0803.0678 [hep-ph]
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Fragmentation

® Normal MC Tuning Procedure:
® Fragmentation and Flavour parameters constrained
at LEP, then used in pp/ppbar (Jet Universality)

® But pp/ppbar is a very different environment, at the infrared level!

® Check fragmentation in situ at hadron colliders

® N and prspectra (and x spectra normalized to ‘jet’/minijet energy?)
Identified particles highly important to dissect fragmentation

® (How) do the spectra change with (pseudo-)rapidity? (different dominating
production/fragmentation mechanisms as fct of rapidity? E.g., compare LHCb with central?)

® Howdo they change with event activity? (cf. heavy-ion ~ central vs peripheral collisions)



Change with Event Activity

® One (important) example: <pt>(Nch)

http://home.fnal.gov/~skands/leshouches-plots

‘4 1960 GeV p+pbar Inelastic, Non-Diffractive
s 1.
QQDJ Average Charged Particle p; (In]|<1.0, p,>0.4GeV)
A ® CDF data
a
V1.4

1.2

1
0.8
0.6
0 10 20 30 40 50

N, (In|<1.0, p,>0.4GeV)

‘—__;

Peripheral Centra

>

The pr1 spectrum
becomes harder

aS we Increase
Nch.

Important tuning

reference (highly
non-trivial to
describe correctly)

(Color reconnections, string interactions, rescattering, collective flow in pp, ...7)
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Fragmentation

® Normal MC Tuning Procedure:

® Fragmentation and Flavour parameters constrained
at LEP, then used in pp/ppbar (Jet Universality)

But pp/ppbar is a very different environment, at the infrared level!

® Check extrapolation to forward region

Subir’s synergy with Cosmic Ray Fragmentation

‘New’ Physics: collective effects, multiple
scatterings, low-x evolution, BFKL, ..., but central
region remains important testing ground



(Additional Observables)

¢ Particle-Particle Correlations probe
fragmentation beyond single-particle level. E.g.,:

® A baryon here, where’s the closest antibaryon?

® +Is the Baryon number of the beam carried into the detector?
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Baryon Iransport

900 GeV p+p Inelastic, Non-Diffractive
. M Od e I S Albar / A° m Distribution (generator-level)
' —e— Perugia 0
disagree wildly. Perugia HARD
Perugia SOFT

—=— Perugia NOCR

® Don’t listen to
them

® (Still, can be
used to gauge
possible size of
effect) 6|




Baryon Iransport

Inelastic, Non-Diffractive

0 0 et
o M Od e I S A’bar / A° n Distribution (generator-level)
. —©— Perugia 0

Perugia HARD

disagree wildly.
: L

—#— Perugia NOCR

® Don’t listen to '
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® (Still, can be
used to gauge
possible size of
effect) _




Baryon lTransport

® MOdels Perugia 0
_ —6— Perugia

. Perugia HARD

disagree wildly. For the daring... o SorT

i s it possible to pick |V
® Don’t listen to BN up 2 strange quarks? [

them

® (Still, can be
used to gauge
possible size of
effect) _




Radiation vs MPI

® What is producing the tracks!?

® |s it Radiation!’ (tends to produce
partons close in phase space)

® Oris it MPI? (partons going out in
‘opposite directions)
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Radiation vs MPI

CORRELATION STRENGTH b
0.7

t UAS DATA

. Without MPI

® What is producing the tracks!?

o |s it Radiation? (tends to produce
partons close in phase space)

® Orisit MPI! (partons going out in
opposite directions)

0 1 2 3 4 5 e
Sjostrand, van Zijl, PRD36:2019,1987.

® Or is it soft production between
the remnants!

® Probing long- vs short-distance
correlations can tell us!

® FE.g,forward-backward cin > - <n >
F

- FB

correlation, b ol o 2
F F




Radiation vs MPI

CORRELATION STRENGTH b
0.7

t UAS DATA

. Without MPI

® What is producing the tracks!?

® |s it Radiation’ (tends to produce
partons close in phase space)

® Orisit MPI! (partons going out in
opposite directions)

® Or is it soft production between
the remnants’

® Probing long- vs short-distance
correlations can tell us!

® F.o., forward-backward
correlation, b




Radiation v

® What is producing the tracks!?

o |s it Radiation! (tends to produce
partons close in phase space)

® Oris it MPI? (partons going out in
opposite directions)

® Or is it soft production between
the remnants’

® Probing long- vs short-distance
correlations can tell us!

® FE.g, forward-backward <n n

s MPI

CORRELATION STRENGTH b

0.7 -

i 1960 GeV p+pbar

N_, FB Comrelation Strength (genarator-level)

Inelastic, Non-Diffractive

—6— Peruga D
Different MPI] . i
v DW
models have
different shapes
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PS, fermilab-conf-07-706-t, in arXiv:0803.0678 [hep-ph]
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Summary

® The Low-Energy LHC runs offer a unique
possibility to settle important business

® These are questions faced by every person
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A Systematic Dissection

: . Single-Jet Spectra
Perturbative Dynamics : Jet-Jet distributions

IR safe E Fl iabl
Infl‘aI’Ed Safe “PQCD” safe Energy Flow variables
observables

Non-perturbative dynamics :
Infrared sensitive "
observables “MB”’



A Systematic Dissection

: . Single-Jet Spectra
Perturbative Dynamics : Jet-Jet distributions

Infrared safe IR safe Energy Flow variables

observables pQC‘D\A

IR-sensitive vs IR-safe
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